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[摘 　要 ]　线材硫酸盐连续镀锌工艺常用于钢丝、钢管等型材的防腐蚀处理 ,应用广泛 ,但其镀
层晶粒粗糙 ,光亮度欠佳 ,存在易变色、耐蚀性能下降等缺点。通过赫尔槽试验 ,用正交法确定了硫酸
盐镀锌液添加剂中主光亮剂苄叉丙酮、载体光亮剂、苯甲酸钠、辅助光亮剂 A和扩散剂 NNO的最佳
配比以及最大影响因子 ,研究了各组分的电化学性能。结果表明 :组合添加剂组成的最佳配比为 2ζ
22ζ 8ζ 1ζ 6,对镀层影响最大的因子是主光亮剂 +载体以及辅助光亮剂 A的量 ,其他组分与主光亮
剂、载体及辅助光亮剂 A产生协同效应 ,也能有效地提高镀液和镀层的综合性能。优化该添加剂的
复配对减低生产成本具有一定的指导作用。
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有阿拉伯树胶或加有少量硫脲作添加剂 [ 1 ] ,其镀
层光亮度欠佳 ,结晶不细致 ,若补加硫脲等含氮硫











采用 267 mL赫尔槽 (自制 )、南通电子仪器厂
1715 22 直流稳压器进行了赫尔槽试验 ,电镀 2
m in,电流 2 A。电化学循环伏安 ( C ×V )试验在
PARC - 263A 型恒电位仪 ( EG&G)上进行 ;通过
M270软件和 GP IB 接口卡 ( EG&G)与计算机连
接 [ 7 ] ,完成数据同步采集及分析 ;所得数据使用
EG&G的 M270程序进行积分等处理 ;结果使用
O rigin6. 1软件作图。C ×V试验条件 :采用三电极
体系 ,扫描速度 50 mV / s;工作电极为 Pt圆盘 ( < =
1. 0 cm )电极 , 几何面积为 0. 07 cm2 ,对电极为铂
电极 ,参比电极为饱和甘汞电极 ( SCE)。试验前 ,
Pt盘电极表面用粒径为 5. 00～0. 03μm的 A l2 O3
研磨后 ,以超声波水浴除去表面研磨杂质 ,最后采
用电化学清洗方法 , 即将电极置于 0. 1 mol/L
H2 SO4 溶液中 ,在 - 0. 25～1. 20 V 区间反复扫描 ,
直至获得稳定的伏安曲线。电镀基础液为 1. 04
mol/L ZnSO4 + 0. 74 mol/L H3 BO3 ,溶液 pH≈ 4. 3,
溶液用 M illi2Q水配制。试验除测定循环伏安曲线










丙酮 (主光亮剂 )、扩散剂 NNO、苯甲酸钠和杂环酸
类物质 (辅助光亮剂 A )等组成。各组分的相关作
用见文献 [ 2 ]。
试验取 4个因素 ,即载体 +主光亮剂 (二者之
比固定为 11 ζ 1 ) 、扩散剂 NNO、苯甲酸钠和辅助
光亮剂 A,每个因素选 3个水平 ,选用 L9 正交试验
方案 [ 8 ] ,试验结果见表 1。各试验的评价数等于赫
尔槽试验片上光亮电流密度的长度 +镀层外观综
















1 4. 0 1. 2 0. 12 1. 2 75 75
2 4. 0 1. 6 0. 16 1. 6 80 80
3 4. 0 2. 0 0. 20 2. 0 82 83
4 4. 4 2. 0 0. 12 1. 6 84 85
5 4. 4 1. 2 0. 16 2. 0 83 84
6 4. 4 1. 6 0. 20 1. 2 92 95
7 4. 8 1. 6 0. 12 2. 0 84 85
8 4. 8 2. 0 0. 16 1. 2 86 88
9 4. 8 1. 2 0. 20 1. 6 88 90
T1 238 249 245 258
T2 264 260 252 255
T3 263 256 268 252
X1 79. 33 83. 00 81. 66 86. 00
X2 88. 00 86. 66 84. 00 85. 00
X3 87. 66 85. 33 89. 33 84. 00







和扩散剂 NNO的比例为 2ζ 22ζ 8ζ 1ζ 6时 ,整个
试片镀层几乎全光亮 ,无黄膜 ,且镀层银白、细致 ,
中高电流密度区镀层质量尤佳 ,很适合线材等快速
电镀 ;对正交试验结果作极差分析可知 [ 8 ] ,在主光
亮剂 +载体、扩散剂 NNO、苯甲酸钠和辅助光亮剂





镀液中的用量 ,可按苄叉丙酮 0. 002 7 mol/L ,即
0. 4 g/L量配制。
2. 2　组合添加剂组分的电化学性能
图 1给出了 Pt电极在 1. 04 mol/L ZnSO4 +
0. 74 mol/L H3 BO3 溶液中及其加有添加剂后 ,从
起始电位 - 0. 4 V,负向扫描到 - 1. 4 V 的 C ×V曲









出量 ,可提高阴极的电流效率 , 减少镀层的氢脆。
而在阳极支 ,加入扩散剂 NNO、苯甲酸钠、辅助光
亮剂 A、载体光亮剂、载体和主光亮剂以及组合添







n 2TiO2 )、24. 0 ℃ (1. 5% n 2TiO2 )和 25. 0 ℃ (2. 0%
n 2TiO2 )。这说明纳米 SiO2能明显起到成核剂的作
用 ,诱导尼龙大分子结晶 ,使结晶能力提高 ,并最终
提高涂层的结晶速率。当纳米 SiO2用量为 1. 5%
时 ,涂层过冷度最小 ,由 PA1010涂层的 27. 0 ℃降




(1)火焰喷涂 PA1010 /纳米 SiO2复合涂层具
有较高的力学性能。当纳米 SiO2的质量分数为
1. 5%时 ,涂层综合性能较好 ,涂层与基体的结合强
度为 28. 9 MPa,自拉身强度为 69. 8 MPa。
(2)纳米 SiO2具有明显的成核作用 ,能促进尼
龙大分子结晶。当纳米 SiO2用量为 1. 5%时 ,复合
涂层的过冷度最小 ,由 27. 0 ℃降至 24. 0 ℃。
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M icrostructure and Therma lΟShock ing Resistance of Nano2
structured Z ircon ia Coa ting Prepared by Solution Precursor
Pla sma Spray ing
CHENG XuΟdong1 , WANG J inΟchun1 , L IDanΟhong1 , HAN Can
Οfeng2 , YANG ZhangΟfu1 (1. State Key Laboratory of Advanced
Technology forMaterials Synthesis and Progressing, W uhan Uni2
versity of Technology, W uhan 430070, China; 2. Second Ship
Research Institute, W uhan 430064, China) Cailiao B aohu 2006,
39 ( 6 ) , 01 ～04 ( Ch). Nanostructured zirconia thermal barrier
coating was p repared using solution p recursor p lasma sp raying
p rocess. The transformation and deposition p rocess of the solution
p recursor in the p lasma flame and on the substrate were p rimarily
investigated. The effect of the size of the m istΟlike drop let on the
m icrostructure and phase structure, in particular, of the nanome2
ter zirconia coating was exam ined. A t the same time, the thermal
Οshocking resistance of the nanostructured zirconia coating was al2
so evaluated using cyclic thermalΟshocking test. It was found that
the m icrostructure and phase structure of the nanostructured zirco2
nia coating were closely related to the solution p recursor p lasma
sp raying p rocess, especially, to the size of the m istΟlike drop let.
Moreover, the asΟdeposited nanostructrued zirconia coating had
good thermalΟshocking resistance.
Key words: solution p recursor p lasma sp raying; nanostructured
zirconia coating; m icrostructure; thermalΟshocking resistance
Character istics of Self ΟReplen ish ing Br ight N ickel Brush Ο
Pla ting Solution and Its Applica tion in the Surface Strength2
en ing of an Ultra son ic Aerodynam ic D esign ing Equ ipm en t
FE I J ingΟyin, WANGW eiΟkang, L IANG GuoΟzheng, X IN W en
Οli, L IU J iangΟhong (Department of App lied Chem istry, North2
western Polytechnical University, Xi’an 710072, China) Cailiao
B aohu 2006, 39 ( 6) , 05～09 (Ch). Noticing the unsatisfactory
stability of conventional electric brush p lating bath operating with
undissolvable graphite anode, a detailed comparative analysis was
performed with respect to the characteristics of a newly developed
selfΟrep lenishing bright nickel brushΟp lating solution and three
other conventional nickel brush Οp lating solutions ( p re Οp lating
nickel, conventional brushΟp lating nickel, and W atts nickel). It
was found that the newly developed selfΟrep lenishing bright nickel
brush Οp lating solution was superior to the three conventional
nickel brushΟp lating solutions in that the N i2 + dep leted during the
p lating p rocess could be rep lenished from the dissolution of the
activated nickel anode. A t the same time, the newly developed
selfΟrep lenishing bright nickel brushΟp lating solution had better
depositing performance than the three conventional nickel brushΟ
p lating electrolytes. Namely, it was characterized by fast deposi2
tion speed, good deposition capability, easy operation, low cost,
and high hardness of the deposited coating, and could be readily
used to p repare thick antiwear coating. More interestingly, the
newly developed self Οrep lenishing bright nickel brush Οp lating
p rocess had been successfully app lied in the surface modification
of an ultrasonic aerodynam ic designing equipment, indicating that
it could have p rom ising app lication as a rep lacement of conven2
tional nickel brushΟp lating p rocess in the maintenance of equip2
ments and functional surface modification.
Key words: selfΟrep lenishing bright nickel brushΟp lating; ultra2
sonic aerodynam ic designing equipment; surface strengthening;
app lication
O ptim ized Ra tio of Add itives in Sulfa te Br ight Z inc Pla ting
and the Electrochem ica l Behav ior
CHEN Guo Οliang1, 2 , ZHOU J ian Οzhang1 , L IN Zhong Οhua1 ,
HAN YaΟjuan2 , ZHONG Q iu Οwei2 ( 1. State Key Laboratory of
Physical Chem istry of Solid Surfaces, Xiamen University, Xiamen
361005, China; 2. Department of Chem istry, Zhangzhou Normal
College, Zhangzhou 363000, China) Cailiao B aohu 2006, 39
(6) , 10～11 (Ch). The widely used sulfate continuous zinc p lat2
ing for corrosion p rotection of steel wires and p ipes has the disad2
vantages of coarse grains, poor brightness, liability to color Ο
changing, and poor corrosion resistance. Thus orthogonal analy2
ses were carried out to op tim ize the ratio of various additives in2
cluding brighteners ( such asmain brightener benzyl acetone, car2
rier brightener, sodium benzo Οformate, assistant brightener A )
and dispersing agentNNO in a sulfate zinc p lating, based on Hull
cell test. The electrochem ical behavior of each additive was in2
vestigated by determ ining the cathodic polarization curve. A s the
results, the op tim ized radio of the aboveΟmentioned combinatory
additives was determ ined to be 2: 22: 8: 1: 6, and the content of
the main brightening agent, carrier brightener, and assistant
brightener A had p rimary influence on the cathodic polarization
p rocess. Moreover, the other additives such as sodium benzene
formate and dispersing agent had synergistic effect with the main
brightening agent, carrier brightener, and assistant brightener A,
and hence affected the cathodic polarization p rocess and p roper2
ties of the coating as well.
Key words: fast zincΟelectrop lating; additive; sulfate; wire; elect
rochem ical behavior; orthogonal test
Study on Electrode Process K inetics of Ind ium Electropla ting
in Sulfa te Electrolyte
L I JunΟhua, FE I XiΟm ing, X IANG CuiΟli (College of Chem is2
try, Huazhong Normal University, W uhan 430079, China) Cail2
iao B aohu 2006, 39 ( 6) , 12～14 ( Ch). The cathodic reaction
mechanism of indium electrop lating in a sulfate bath was investi2
gated using several electrochem ical methods such as cyclic voltΟ
ampere measurement, linear voltage scanning, and electrochem i2
cal impedance spectroscopy. The results showed that the op ti2
m ized pH value and temperature for the indium electrodeposition
from the sulfate bath were 2～3 and 35～45 ℃, respectively. A
p relim inary chem ical reaction and two non Ο reversible electro2
chem ical reactions were involved in the cathodic p rocess, and the
first electrochem ical reaction was the controlling step of the whole
cathodic p rocess. Moreover, the standard constant of the cathodic
electrode reaction was determ ined to be 8. 188 ×10 - 10 cm / s.
Key words: sulfate bath; indium electrop lating; cathode reaction
mechanism; kinetics
M echan ica l Properties of Flam e Sprayed Nylon Ο1010 /Nano2
m eter S iO2 Com posite Coa ting
L I YaΟdong1 , BA I BaoΟfeng1 , MA YiΟzhu1 , CAO ShaoΟkui2 ,
WU ZhiΟshen3 ( 1. Department of Materials and Chem ical Engi2
neering, Zhengzhou College of L ight Industry, Zhengzhou
450002, China; 2. College of Material Engineering, Zhengzhou
University, Zhengzhou 450052, China; 3. Key Laboratory of
Special Functional Materials, Henan University, Kaifeng
475001, China) Cailiao B aohu 2006, 39 (6) , 15～17 (Ch). The
mechanical and thermal p roperties of flame sp rayed nylonΟ1010 /
nanometer SiO2 ( coded as nΟSiO2 ) composite coatings were stud2
ied using a universal electronic pullingΟforce meter and a differ2
ential scanning calorimeter. The results showed that the compos2
ite coating composed of 100. 0% (mass fraction) PA Ο1010 and
1. 5% n ΟSiO2 had the best comp rehensive p roperties, with the
